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ABSTRACT 
The superiority of vieval acuity obtained with a crating test 


ovject oriented vertically or horisentally sver values obtained with 


oblique ertentetions 
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comvinationz of 


pupil dismater sri retinal illuminance level, This svpevtority, 


whieh hes an averace value of 7% of the mean threshold angle of re- 


solution for all meridtans, inmtreases with pupil 
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affected sowtemtically by Ulbedtnance level, 


The date ar- <‘deevuseed with reference to the assumpticns thet, 


wemidional diff, ree in acuhty are a result of dioptric or of 


retire! factors. The sfetematia effeet of supil dimeeter veints to 
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Giggtric orlgia of some of the csserwed meridional differeneas, 
The influence of ratinal ey vesteretinal factwre ga well is rucceeted 


by the percistence of tie effect at a nigh Luminance level and with 
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LATEGOUST ICN 
biffereases in viewal acuity «se 2 function of the angle of orien- 
tation of the test object have previously been reverted fer -ratine 


acudty,”? Landolt o,° and varnier acvity,! The present perer presents 
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additional -vicenes of these weridional differeases in ord.s tos 
(a) determine the effect of the variables of pupil diameter and lume 
nance level on the magnitwde of the effect with a eratins, and (b) 
iiivestigate ihe origin of the phenomenon. 
TE EFFECT OF PUPIL DIAMETKA AND LUM DHANCE LEVEL 

in & previous experiment, > the effect of artificial pupil cismetir 
on grating acuity wae determined at various levels of retimal Ll- 
iwminance. in order to determine luminance values of the acuity tes’ 
field which Would cive the same retinal illuminances fer the various 
artificial pupils emiloyed, the acuity test field, as viewed through 
each artificial pupii, was matched with a reference field of fixed 
luminance viewed by the ether eye throuch a 2.0 am pupil. Visual 
acuity for a gratin: wae then determined as a fimsction of pusil sise 
at five levels of retinal illuminanoe and for = fixed cbservation 
distance. he observed variations in acuity as a funetdon of panti 
sige were aseueed to reflect only the combined effects of aberrations 
ard diffraction on acuity. 

in toe orisinal study, four orientations of the grating test 
objext were ampioyed [vortsonta2 (H), vertical (V), 4S° clockwise 
from vertical (R), and 5° sounterelockwise fron vertical (L) ) and 
tine average of the values obtained in ail four positions vere vre~ 
sented. There date have now been analysed to isclate the effect of 


orientation and are presented in Table I as the threshold angle of 


36 
resolution in eecondea of arc, Lach value is the mean of 6 determina- 
tions fer subject L ari of 12 for subject st 

The results show meridional differencea up to 17.1 seconds of arc 
and up to 26.9% of the average anzle of resciution. Comparison be- 
tween Values fer the H and V positions reveals no significant trends, 
and this is aise true for the 2 anc L positions. Yowever, if the # 
and ¥Y data are averazed and compared with the averaze of the % and L 
positions, the superiority of RV over AL is marked, ‘this empertority 
occurs without axcention for all conditions of obsarvation, end has 
an aVerace Value cf approximately 73 of the averace angle of resolution. 

The averazed ‘IV and RL data are presented graphically in Fic. 1 
as log visual acuity ve. lox pupil diameter. The shapes of the curves 
do not differ from those for the combined data for all fceur meridians,” 
The effect of orientation ‘8s to shift these functions to higher acuity 
values for the horizontal and verticel orlentations, and te lower acuiuy 
Values for the oblique orientations, 

Since these deta are presented on a logarithmic plot, the separa- 
ticn between the HV and the RL curves is a measure of the percentage 
HY - RL superierity. This superiority increases with mm4) dlemstes 
at all juminance levels. The effect of luminance level, determined 
by comparing the HV supertority over RL for a given pupil diameter, 


sour no consistent trenis. 


DISCUSSION 

The results of the present study may be used to evaiuate two of 
the explanations which have been offered for the viencmenon under 
discussion, These explanations attribute meridional differences either 
to dioptric or to retinal factors, (A third hypothesis based on in- 
Yoluntary cys movexents’ has been shown te be untenable.) 

If dioptric factors are influential in prodweing the observed 
meridional differences in resolvins power, it would be axpected that 
any experimental condition which increases the effectivensss of the 
dioptric aberrations would also accentuate these differeaces, Since 
the effectiveaess of the aberrations increases se ths pynil ia made 
larzer,° the tendency shown here for meridional differences to ine 
sreage for a crating unier these same conditions pointe to the impor- 
tance of the image forming properties of the eye in producin: the 
phenomenon under discussion, 

The secom! . ypotnesis 1s that the density of the retinel elements 
(either enatonically or functionally) is not uniform,and that the ob- 
servec varia‘ions in acuity are a result of similar variations in the 
mvided far reaelntion of the retinal inaze, 39° 
Tha nlaveaibilitv af such an arcument. may be examined with tho aid of a 
precedure desertbed by Shleer.? He has reasoned that under conditions 
of large pupil diameter and hich retinal illuminance such that acuity 
is not improved by increasing the value of either festedt resolving 
power say be limited by cither (a) the ability of the retina to dis- 


Se 
criminate 4i?fercances in intensity detween the maxima and minima of the 


retinal image of a grating, or (b) the size of the retinal slsneits, 
(The aaximum intensity differense between adjacent retinal elemente 
will cecur when adjacent maxima and minima are centered on adjacent 
receptors. If the image of the crating were made Ciner than tila, 
each iiemant would be covered by a fraction of the image of the light 
and dark stripes.) If the latter factor were limiting, a small decrease 
in the intensity difference between the maxima and minima without 
Ghanging ti... ...lodieLty should preduce no change in acuity.® 

Such a condition was realized by substituting a special crating 
in whieh she width of the epetue bars is only one-fourth the distance 
vetween the centers of adjacent bars (designated as the 1/!: cratinz) 
in place of the conventional grating in whieh the opeque bars are one- 
hali the distance between adiacent bars (desimnated as 1/2). +4 third 
grating with bars one-half the width of those in the 1/4 grating was 
also used and is designated as 1/8 These <iree cratings ware used at 
the highest luminance levels in a sinzle session for suvject L and in 
tes sssaions for subject 5, The data representing the average of four 
& for subjeet L and eight for 
and Page So (For ali gratings, the 
Umeshold angle of resolution was computed on the basis of one~nalf 
the visual angle subtended by the centers of adjacent opaque bars.) 

The Gate show that a decroase in the width of the bars as prow 
duced by the 1/h grating dees not reduce acuity for tin lergest pupil 


6, 
diameters ued. ‘This ia taken to indicate that the fineness of the 
retinal mosaic and not the ability of the retine to discriminate the 
Ufference cetweer adjacent maxima and minime ic limiting aeuity 
under these ost atian This coaclusion ia sunnerte: by th: acree- 
nent between histoloical mea@uremente of cone sise anc the acusty 
valves abteined, 2? 

Under conditions where a smal] reductic: in retinal imace contrast 
does not affect acnity, it would be expected that aliczht variations 
in the image forming properties of the eye, sveh as have been suzzested 
te accouit for meridional differences in acuity, would ve ineffective, 
Thus, or the largest pupiis at the highest luminance level it would 
be exnected that acuity would be the same in ali meridians if the 
observed differences as a function of orientation were due to purely 
dioptric factors. fowever, the data obtained show thet meridieonel 
a:tferences persist under thease canmiitians, This ts ovrtecsmeed vy tne 
d2te cf Table I and else by the aore extensive asta obtained at tne 
highes? iwainance level and 4.75 ma pupil diameter for eight otsnta~ 
tions of the srating in Table IJ]. These data plotted in Fize 3 
devunstrate she superiority of the VY over the iL rositiens evan under 
conditions where slight variations in retinal izace centrast do not 
lower acuity. These data suzgeat that neridionael differences crizingte 
in part frem fecters of retinal or posteretinel origin, Additional 
evidence cones from the experiment of Hamblin and Winger” who detornined 
the best grating acuity for 18 equaily spaced meridians under eendi tions 


Te 
of optdmu: refraction. Their report of che persistence of meridional 
differences under these conditions further deucnstrated the impertense 
of nonedtoptric facters in producing meridional ciffesswes in acuity. 
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T te date originally reported for subject © were obtained using 
iwainanse valuoa of the seuity test field whieh preduced soual retinal 
iiusrinanse as detexmined oy in in a preliuitisary binwtwar natchin: 
exerizsut. Acuity date were aiso obtelned usin: toe luminance values 
obtaizad by subject L, and ace ineluded here since the acuity funetions 
were the sam under doth conditions. 


f Further inewease in luminance sbove the hizheet values reported in this 
study preducod mo charge in acuity as would be predicted from the acuity 
ivinents function which reaches a liniting value vbetacen 10 and 100 
mHlilasherts, faxims seulty vas obtained wiler these conditions for 
pupil diameters betwoen 2677 and 3.86 wal Shlase? reporisd wacioam 
ecuity with a 2035 m: pupil, a valus which he had vredieted fram cam 
putations based on Abte's diffraction ‘ery fer etienia af nertatte 
structure viewsd in transmitted lizht. 


§ tue assumptions wxierlying “hlaer's nrocedure 4o net take ints 


secom: the pesethle sffect on acuity of eve mowxcamtes st post, 


resf ye) favvors.t* 


Hit may be argued that the reduction in retinal iamse contrast 


by 


the narrow ber crating is lese than tras predueed by the semmei 


dioptric effecite, and tet the letter factor was still effective. 


owever, in using the l/l crating, acuity remained constant fer 
orientations indicating thet despite ths canmtédend deteriorabive 
fects of the narrow crating and the sssumec aberrations, cone st 


was still lisitusg acuity. 
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TASLE I. Threshold anaila of reaclution far « greting ita escends of are 
for photometrically equatec test fields as a funetion of puri! disnoter 
and at four orientations of the test object. The luminanee of the test 
field was previously adjusted to mitch a rstersamesa field of constant 
iuminance viewea by the other eye threuch a 2-c pupil. 
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Toreshold angle of resolution 
seconds of arc) 


Luai- Pupil a 
Sues nantce  Oriene 


(san) 


L 100 Ek 656 L3ek 38.2 3326 29.8 27 O14 Stel 
v 61.6 Sel 3900 = 3302 = 22 2920) HS 
R 64.2 47.0 hO.7 3405 320k 31.9 32.4 
L 6506 565 NOD Be? RH 331 31.6 
10 H 6605 4668 ble 3ue6 29.6 29.2 32.5 
V 66.2 oS bee? Bee7 309 Wel Fe? 
K 6765 805 4309 «= 37533305) HS 3602 
xa 6605 Shel 4306 3702 330k 330 =D 
1.0 R Thee She? Re 1 39.3 38.0 3902 2.4 
v 08 55.2 4907 «L102 «39.2 39.2 b2 
R 7766 5Bel 5003 U30h GPG 308 
L 11.6 57el Loli 40.7 bO.9 40.7? hh.6 
0.1 | &1.3 S9ed See 49.7 51.0 51.0 5507 
v 73.48 S44 56.1 43.2 50.9 5309 57h 
R 93.6 O19 6567 5769 528 57.8 5902 
L 7906 65.8 57.8 52.2 50. 5309 be 
0,02 H 123.8 99.66 91-0 92.2 83.8 88.7 iO%d 
Vv 208.2 98.0 83.8 82.4 87.1 [92.3 9620 
h 119.7 108.7 QMhe? 99%e8 92.3 10.0 199.h 
L 111.2 101.0 oD F.3 85.9 Fel F703 
& 360 H 6506 45.0 39.0 35.5 30.7 28.7 SK 
¥ O3eVU BS 25 0.2 320 2907 27.7 is 
R 65.0 b6.5 21 37h Bed 3005 — 
L S7eF 503 ae HF 30K) = 
20 HK 6602 4506 = W005 3309 = 2929 = 290 258 
v 6302 ° h1.o Bei W. 29eh = 
R 63.8 48.6 = 2.8 3706 5503 Le? 05 
L 02 70S) 367 «= Kah 3327281 - 
Gel | B3eh 60.5 5506 4902 490 S13 5206 
Y  —«- 78h S367 5709 5303 48.9 $3.5 900 
R 8408 $5.3 62.5 $8.5 56.2 oh ° 
L 83.4 ° 62.2 S743 55.2 58.0 60.6 


TAPL’ TI. Threshold angie cf reselution in secends of ar: as a function 
of puphl Glameter for gratkacse in which thw width of tie opaque bare is 
one half, one rourth, and om eishth the distance beteweea the centers of 
ad‘zcent opaque bars. The est field luminance hed previously been 
matched to equal a refsrence luminance of 100 niliilesburts rlewec by 
toe other eye trough a 2en pupil, “ach value is the average of tw 
acuity determinations in each oi four neridtens for subject L, and of 
four determinations for subject 5. 
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Threshold ancie of resolution 
(seresia of are 


Pupil divmeter 
(rea) 


Subject Grating _ Xoo Bok 25 200 2677 3986 Ne 7S 


L V2 £52 L7e6 1k 3403 3265 Meds 30.5 
Lt G7el bod b2eS 3507 3202 3207? 30,3 
3/3 6253 5205 abel 3705 3301 320% 3322 

§ 12 — Se? Pols 33,2 22.9 29,0 — 
WY —- bE.e 1965 3307 300k 28,5 on 


Ve ae 50.0 2207 3507 326° 32.9 oe 


TABLE ISI. Threshesld angle of resolviton ior a crating test obiect 

4m, seconds of arc for various meridians at a test field luminance of 

260 millilanberts and with a 4.75 mm diameter pupil. All data are 

for subject L and each represents the means of 1) threshold determinaticns. 


Crdentetion of crating Threshold angle of resolution 
test object ssconds ef arc 


Decrees fron vertical 
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% 
$ 
Counterclockwiee $ 
6 ee 63 8) ‘ 39,2 
67.6 : 6 
i 
LS (1) $ 35k 
2246 ek 
Vertical - 3G (¥) + 320k 
Clockwise ; 
= 
22.5 : 33-3 
b5.0 (RK) ¢ She? 
67.8 1 5208 
90 (#) 3.1 
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Fiz. 1 Log cisnal acuity as a fonction of log pupt] diasete> for a 
grating test cdject oriented horisentally sud wertically ¢H and 
oriented 15° te the right end left of wertical (x). The l.minarcce 

oi the acuity test field was previously adjusted to match a reference 
field of constant iieiiinoe Viewed oy the other eye threwzh a 2<ra 
pupil, The luminance values of the reference Meld, in rilidlenberte, 
are indicated at the rizht cf the curves, Circle points represent 
averaged data for both subjects; uncireled poiats are for subject Le 
The curves for the highest Luminanee level have been shifted upwards 


6.6 lex umits on the ordinate axis. 


Fig. 2, Log visual acuity «s a function of log pupil diameter for 
grating test objects with opaqve bars 1/2, t/h, and 3/8 the distance 
between the centers of sAiencaabars. The luminance of the acuity 
test field was previously matched with a 109 willilanbert refsronce 


field viewed by the other ere throuch 2 2=sm pupil. 


Mige 3. Log visual acuity as ea function of the orfentation of the 
grating test object, The test field luminance vas 100 millilanberts 
and wes viewed throush s 4.75 mm artificial pupil. 
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